Abstract Background Medication reconciliation is a basic principle of good medicines management. With the establishment of the National Acute Medicines Programme in Ireland, medication reconciliation has been mandated for all patients at all transitions of care. The clinical pharmacist is widely credited as the healthcare professional that plays the most critical role in the provision of medication reconciliation services. Objectives To determine the feasibility of the clinical pharmacist working with the hospital doctor, in a collaborative fashion, to improve the completeness and accuracy of discharge prescriptions through the provision of a pharmacist led discharge medication reconciliation service. Setting 243-bed acute teaching hospital of Trinity College Dublin, Ireland. Method Cross-sectional observational study of discharge prescriptions identified using nonprobability consecutive sampling. Discharge medication reconciliation was provided by the clinical pharmacist. Non-reconciliations were communicated verbally to the doctor, and documented in the patient's medical notes as appropriate. The pharmacist and/or doctor resolved the discrepancies according to predetermined guidelines. Main outcome measures Number and type of discharge medication non-reconciliations, and acceptance of interventions made by the clinical pharmacist in their resolution. Number of discharge medication non-reconciliations requiring specific input of the hospital doctor. Results In total, the discharge prescriptions of 224 patients, involving 2,245 medications were included in the study. Prescription nonreconciliation was identified for 62.5 % (n = 140) of prescriptions and 15.8 % (n = 355) of medications, while communication non-reconciliation was identified for 92 % (n = 206) of prescriptions and 45.8 % (n = 1,029) of medications. Omission of preadmission medications (76.6 %, n = 272) and new medication non-reconciliations (58.5 %, n = 602) were the most common type. Prescription non-reconciliations were fully resolved on 55.7 % (n = 78) of prescriptions prior to discharge; 67.9 % (n = 53) by the doctor, 26.9 % (n = 21) by the clinical pharmacist, and 5.2 % (n = 4) by the joint input of doctor and pharmacist. All communication non-reconciliations were resolved prior to discharge; 97.1 % (n = 200) by the pharmacist, and 2.9 % (n = 6) by both doctor and pharmacist. Conclusion This study demonstrates how interdisciplinary collaboration, between the clinical pharmacist and hospital doctor, can improve the completeness and accuracy of discharge prescriptions through the provision of a pharmacist led discharge medication reconciliation service at an Irish teaching hospital.
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Impacts on practice
• All patients discharged from acute hospital care in Ireland should have their medications reconciled, as mandated by the Irish government.
• Medication reconciliation at discharge has the potential to enhance on-going patient care by ensuring medicines are prescribed accurately and completely, and through the provision of up-to-date information to primary care health professionals.
• Collaboration between clinicians facilitates the delivery of discharge medication reconciliation services.
Introduction
For all those committed to excellence in the provision of healthcare services, patient safety and quality are at the heart of their delivery, and medication safety remains a priority for all healthcare professionals (HCP). In Ireland, a major emphasis has been placed on patient safety by the Commission on Patient Safety and Quality Assurance [1] . The National Acute Medicines Programme has been established and medication reconciliation has been mandated for all patients at all transitions of care. While the doctor retains the legal prescribing responsibility for medications at hospital discharge, the clinical pharmacist is recognised as the HCP who plays the most critical role in the provision of medication reconciliation services [2] . Medication reconciliation is a basic principle of good medicines management [3] . The American Institute for Healthcare Improvement has defined medication reconciliation as:
the process of creating the most accurate list possible of all medications a patient is taking-including drug name, dosage, frequency, and route-and comparing that list against the doctor's admission, transfer, and/ or discharge orders, with the goal of providing the correct medications to the patient at all transition points within the hospital [4] .
American studies have reported that more than 40 % of medication errors are believed to result from inadequate reconciliation during admission, transfer and discharge of patients. Of these, about 20 % are believed to result in harm. These studies conclude that many of these errors would be averted if medication reconciliation processes were in place [5, 6] . Research has demonstrated that systematic medication reconciliation can indeed reduce medication errors and improve medication appropriateness at transfer into and out of hospital [7] [8] [9] [10] . The prioritisation of formal medication reconciliation systems at all points of transfer of care has been endorsed both nationally and internationally [1, 3, 4, 11] .
A significant proportion of patients experience adverse outcomes following hospital discharge which are attributable to their healthcare. One study reported 19-23 % of adults experience an adverse event following hospital discharge, most commonly an adverse drug event [12] . An Irish study has also demonstrated the existence of this problem at hospital discharge, identifying medication nonreconciliation for 50 % of patients [13] . The early post discharge period is thought to be most critical since many patients have had a recent change in health status and frequently have several prescription changes. Problems with the communication of medical information to primary care professionals at discharge also exist and may contribute to drug related problems such as confusion, misuse, error or patient harm [14] .
All patients discharged from acute hospital care in Ireland should have their medications reconciled. The clinical pharmacist is acknowledged as the key HCP with responsibility for medication reconciliation in Irish hospitals. In the hospital setting the process of medication reconciliation can be improved by coordinating the activities of various HCP, for example the hospital doctor and clinical pharmacist. Practitioners from both disciplines can draw on their own individual training and skills to make significant contributions to patient care. Pharmacists, for example, can provide the medical team with expert knowledge of medicines, while the doctor, who retains the legal prescribing responsibility, can utilise this knowledge in their prescription writing in order to improve the completeness and accuracy of their patient's prescriptions. Factors such as the presence of considerable medication-related morbidity and mortality, rapid advancement and innovation in the field of medicines, a tendency towards earlier discharge from acute hospitals, and the need for pharmaceutical care for an aging population point to the need for this type of increased collaboration between pharmacists and doctors. To optimise their relative contributions, both professions need to establish successful working relationships in order to work in a collaborative manner as members of an interdisciplinary team.
Aim of the study
The aim of this study was to determine the feasibility of the clinical pharmacist working with the hospital doctor, in a collaborative fashion, to improve the completeness and accuracy of discharge prescriptions through the provision of a pharmacist led discharge medication reconciliation service.
Ethical approval
This study was approved by the Ethical Review Panel of the School of Pharmacy and Life Sciences at Robert Gordon University, Aberdeen, Scotland as well as Naas General Hospital (NGH) Ethics Committee.
Method

Setting
This research was undertaken in an acute teaching hospital of Trinity College Dublin. NGH is a 243-bed general hospital, serving a predominately rural community to the west and south-west of Dublin. The annual number of inpatient discharges is in the region of 12,000 patients.
The standard of care at NGH dictates that inpatients bring their own medicines to hospital where possible, and admission medication reconciliation is provided to all patients by a clinical pharmacist within 24 h of their admission (48 h at weekends). Neither dispensed medicines nor medication reconciliation services are provided to patients at discharge. A hand-written prescription is provided to the patient, which can be dispensed at the patient's community pharmacy of choice. A copy of this prescription, along with a hand-written discharge summary letter is later forwarded to the patient's general practitioner (GP).
Patient recruitment
All medical and surgical inpatients C16 years were eligible for inclusion in the study if they had a gold standard preadmission medication list (GSPAML) documented at admission, and were provided with a discharge prescription with at least three prescription medications at the time of discharge [15] . Patients specifically excluded were those discharged directly from the Emergency Department, and those transferred to another healthcare facility.
Study design
A cross-sectional observational study was designed. Data collection tools were designed, piloted, and validated prior to commencement of data collection with a sample of 22 patients. Pilot data was excluded from the full study.
Sample size was determined prior to initiation of data collection through the use of a sample size table for proportions which took account of the number of patients discharged from NGH in a 6 week period the previous year. This was used to determine the population from which the sample would be drawn, and the ultimate sample size [16] . It was established that a sample of 224 patients would yield ±0.05 degree of accuracy and 95 % confidence level. Non-probability consecutive sampling was employed because of the need to address medication non-reconciliations in a timely and meaningful fashion for patients [17] . Random sampling, although acknowledged at the outset as preferable, was not achievable since a full list of patients discharged each day was only available retrospectively.
Definitions
Gold standard preadmission medication list
A list which accurately reflects the medications the patient was actually using prior to admission to hospital, taking into account any non-compliance and non-prescription medications [18] . At NGH this list is obtained by the clinical pharmacist using at least two reliable sources of information. One-to-one patient interview is considered the primary source where possible. Common secondary sources include patients own drugs, relative/carer, GP practice/ letter, community pharmacist. The medication list is captured manually in a hand-written format.
Gold standard discharge medication list
A list which accurately reflects the medications it is expected the patient will continue to use after discharge from hospital, taking into account any inpatient medication changes, non-compliance and non-prescription medications. During the study, this list was compiled in a handwritten format by the clinical pharmacist, having reviewed each patient's discharge prescription, inpatient medication prescription chart and medical notes. The prescribing doctor was contacted to clarify outstanding issues as necessary in the compilation of this list.
Discharge prescription
A hand-written, paper list of a patient's prescribed medications at the time of their discharge from hospital, written by the hospital doctor.
Controlled drug (CD)
A prescription medicine which is controlled under Irish Misuse of Drugs legislation. Legal controls govern their production, supply, storage, and prescription in a more stringent way than other prescribed medications.
Medication non-reconciliation
An unintentional discrepancy between the patient's discharge prescription and gold standard discharge medication list (GSDML), taking into account changes made during the inpatient stay. Medication non-reconciliation was further categorised in the study as prescription or communication non-reconciliations, as demonstrated in Fig. 1 .
Prescription non-reconciliation
Prescription non-reconciliations reflect non-reconciliations which arise from the manual prescribing task of prescription writing, and prevent that prescription item being accurately dispensed by the community pharmacist. These non-reconciliations were further sub-categorised:
• Omission pre-admission medication: medication patient was taking prior to admission to hospital, not charted on discharge prescription, with no known explanation for its omission.
• Omission new medication: medication patient was commenced on during inpatient stay, not charted on discharge prescription, with no known explanation for its omission.
• Prescription discontinued medication: medication patient taking prior to admission to hospital/commenced on during inpatient stay that was subsequently stopped, and then included on their discharge prescription, with no known explanation for its inclusion.
• CD non-reconciliation: Prescription of a CD which did not meet all the appropriate legal and clinical prescription requirements.
• Dose non-reconciliation: Prescription of a non-CD which lacked sufficient details with regard to its dose to allow the community pharmacist to accurately dispense the medication.
• Frequency non-reconciliation: Prescription of a non-CD which lacked sufficient details with regard to its frequency to allow the community pharmacist to accurately dispense the medication.
• Form non-reconciliation: Prescription of a non-CD which lacked sufficient details with regard to its form to allow the community pharmacist to accurately dispense the medication.
• Duration non-reconciliation: Prescription of a non-CD which lacked sufficient details with regard to its duration to allow the community pharmacist to accurately dispense the medication.
• Other non-reconciliation: Any other anomaly relating to the prescription of medicines not categorised above. Communication non-reconciliation
Communication non-reconciliations relate to instances where the provision of further information by the prescriber, in the ''communication box'' section of the discharge prescription, could potentially enhance the patient's on-going care at primary care level if it had been provided. These non-reconciliations do not preclude accurate dispensing of the prescribed item by the community pharmacist. Communication non-reconciliations were subcategorised:
• Drug non-reconciliation: ''As required'' medication patient taking prior to admission to hospital not charted on discharge prescription, with no likely explanation for its omission. Unintentional nature of discrepancy confirmed with prescriber. Information communicated by pharmacist. Prescriber not asked to amend prescription.
• Dose non-reconciliation: medication charted on discharge prescription without provision of supplementary information about dose change which had potential to affect external HCP provision of on-going patient care.
• Frequency non-reconciliation: ''As required'' medication patient taking prior to admission to hospital charted as regular medication on discharge prescription, with no likely explanation for its increased frequency. Unintentional nature of discrepancy confirmed with prescriber. Information communicated by pharmacist.
Prescriber not asked to amend prescription.
• Form non-reconciliation: medication charted on discharge prescription without the provision of supplementary information about the form which had potential to affect external HCP provision of on-going patient care.
• Duration non-reconciliation: medication charted on discharge prescription without the provision of sufficient information about duration, which had potential to affect external HCP provision of on-going patient care.
• New medication non-reconciliation: medication commenced during inpatient stay, without the provision of information at discharge about the indication for its initiation.
• Discontinuation non-reconciliation: medication patient taking prior to admission to hospital stopped during their inpatient stay, without the provision of information at discharge about the reason for its discontinuation.
Non-consultant hospital doctor (NCHD)
NCHD is a term specific to the Irish setting, describing doctors undergoing post-graduate training who have not yet reached the rank of hospital consultant.
Outcome measures
• Number and type of discharge medication non-reconciliations, and acceptance of interventions made by the clinical pharmacist in their resolution.
• Number of discharge medication non-reconciliations requiring specific input of the hospital doctor.
Data collection
Data collection took place over a 6 week period and was collected from patients who had been admitted under the care of a general medicine or general surgical consultant. Data was collected during the provision of discharge medication reconciliation by the clinical pharmacist, once the patient's discharge documentation was completed by the NCHD. While data collection was ongoing, the exact nature of the study, the data collection process, and the data collection period were not disclosed to staff at NGH, to minimise reactive bias [17] . The patient's discharge prescription was compared to the pharmacist compiled GSDML. The patient's inpatient medication prescription chart, medical notes and discharge prescription were reviewed to clarify discrepancies as necessary. Persisting discrepancies were communicated verbally to the NCHD, and documented in the patient's medical notes as appropriate. The pharmacist and/or the NCHD resolved the discrepancies according to predetermined guidelines.
Data analysis
A password protected database was established. Data were coded and entered into SPSS Ò version 18 for windows for analysis. Data cleaning, including range and consistency check, was performed and frequencies were run for all variables to identify outlying data prior to initiation of data analysis. Descriptive statistics were calculated to represent process and patient outcome measures. Associations between categorical data were examined using the Chi square test (p value \0.05).
Results
Study population
The discharge prescriptions of 224 patients were included in the study. The majority of patients (79.5 %, n = 178) were under the care of a medical consultant. Characteristics of the study population are shown in Table 1 .
Discharge prescriptions
The 224 discharge prescriptions reviewed in the study, involved 2,245 medications. An overview of the discharge prescriptions is shown in Table 2 .
Number of medication non-reconciliations at discharge A prescription non-reconciliation was identified on 62.5 % (n = 140) of prescriptions and for 15.8 % (n = 355) of medications. The total number of non-reconciliations per prescription ranged from 1 to 14, and the median was 1. The discharging consultant (i.e. group of NCHD assigned to a consultant at the time of the study, and responsible for writing the discharge prescriptions for that consultant's patients) was identified as a decisive factor in identifying at least one prescription non-reconciliation on a patient's discharge prescription (v 2 (10) = 18.58, p \ 0.05). A communication non-reconciliation was identified on 92 % (n = 206) of prescriptions and for 45.8 % (n = 1,029) of medications. The total number of nonreconciliations per prescription ranged from 1 to 16, and the median was 4. A communication non-reconciliation was more likely to occur on the prescription of patients discharged on a Thursday than any other day (v 2 (4) = 12.93, p \ 0.05). Thursday was identified in the study as the day on which the majority of patients were discharged from NGH (26.8 %, n = 60), and the prescription writing workload of the NCHD was therefore potentially greatest.
Type of medication non-reconciliations at discharge Omission of preadmission medications accounted for the majority of prescription non-reconciliations (76.6 %, n = 272). Over half of these omissions related to regular medications (54 %, n = 147), 45.6 % (n = 124) related to 'when required' medications and 0.4 % (n = 1) related to a short course of treatment. Other types of prescription non-reconciliations accounted for a relatively small number of occurrences (Fig. 2) .
The type of communication non-reconciliations identified are summarised in Fig. 3 .
New medication was the most common type of communication non-reconciliation (58.5 %, n = 602). Drug and discontinuation non-reconciliations were also significant at 20.9 % (n = 215) and 14.0 % (n = 144) respectively. Male patients (%, n) 4 2 % , 9 4
Median number admissions in previous year 1 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) Median number co-morbidities 3 (1-13)
Median number medications 9 (3-26)
Median length hospital stay (days) 7 (1-200) Table 2 Overview of discharge prescriptions Written by intern (%, n) 11.2 %, 25
Written by senior house officer (%, n) 84. 8 %, 190 Written by registrar (%, n) 4 %, 9
Signed (%, n) 98.7 %, 221
Allergy status documented (%, n) 64.3 %, 144
Mean time pharmacist review discharge prescription (min) 6.34 Most commonly prescribed medications (per BNF chapter [19] )
Central nervous system (%, n)
%, 497
Gastrointestinal (%, n) 12.8 %, 287
Most commonly prescribed medications (per class)
Proton pump inhibitors (%, n) 7.48 %, 168
Antiplatelets (%, n) 5.97 %, 134 Non-opioid analgesics (%, n) 5.66 %, 127
Medications prescribed at discharge Preadmission (%, n) 71.6 %, 1,608
Controlled drugs (%, n)
Controlled drug legal requirements observed per prescription 19 %, 4
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Acceptance of interventions by clinical pharmacist All interventions made by the clinical pharmacist in the resolution of discharge medication non-reconciliations were accepted by the NCHD. Due to the time-consuming practicalities involved, all prescription non-reconciliations relating to ''as required'' medications were confirmed with the prescriber to be unintentional in nature, this information was communicated by the pharmacist via the prescription ''communication box'', but the prescriber was not asked to amend the prescription. This is reflected in the results which show prescription non-reconciliations were fully resolved on 55.7 % (n = 78) of prescriptions prior to discharge. All communication non-reconciliations were resolved prior to discharge; 97.1 % (n = 200) by the pharmacist, and 2.9 % (n = 6) by both NCHD and pharmacist (Fig. 4) . The pharmacist has a significant role to play in the communication of information at discharge.
Number of medication non-reconciliations requiring NCHD input
While a pharmacist led medication reconciliation service is described in this research paper, the crucial contribution of the NCHD is demonstrated by the finding that prescription non-reconciliations were fully resolved on 55.7 % (n = 78) of prescriptions prior to discharge. 67.9 % (n = 53) of these required the input of a NCHD, 26.9 % (n = 21) were addressed by the clinical pharmacist, and 5.2 % (n = 4) required the joint input of NCHD and pharmacist. While the pharmacist has a role in clarifying or expanding on the prescribing instructions of the doctor, the doctor retains the legal prescribing responsibility.
Discussion
This study demonstrates how interdisciplinary collaboration has the potential to contribute to the delivery of a discharge medication reconciliation service at an Irish teaching hospital. The findings relating to the number and nature of medication non-reconciliations are comparable to those of Irish and international literature [7, 13, 14, 20] . A measure is provided of the demand for a discharge medication reconciliation service since a discrepancy between the patient's GSDML and discharge prescription, which required intervention, was demonstrated for almost all patients included in the study. The medication non-reconciliation service provided by the clinical pharmacist has led to the identification of a significant number of non- reconciliations that would have gone undetected had the usual standard of care been implemented. Investigation of the relative contributions of the clinical pharmacist and NCHD to the resolution of these non-reconciliations is a novel aspect of this research and as such is not directly comparable to other studies in the field. Substantial changes to patient's medications during their inpatient stay and a clear absence of complete and accurate information about many of these changes at discharge has been demonstrated in this study, as is widely documented in research literature [13, 21, 22] . Through review of discharge prescriptions, the clinical pharmacist identified prescription non-reconciliations on 62.5 % of prescriptions and for 15.8 % of medications, and communication nonreconciliations on 92 % of prescriptions and for 45.8 % of medications. Without the input of the clinical pharmacist, these non-reconciliations would have gone unaccounted for at discharge. The most common type of prescription nonreconciliation was omission of preadmission medications. Errors relating to medications made at admission to hospital are carried on throughout the inpatient stay and beyond the point of discharge, consistent with research in other settings [14, 23, 24] . Failure to complete admission medication reconciliation in the first instance, and later discharge medication reconciliation, perpetuates these errors. Neglecting to communicate information regarding new or discontinued medications accounted for the majority of communication non-reconciliations. Poor communication between primary and secondary HCP is not a new phenomenon, and reliable exchange of information remains a challenge in both directions. Doctors sometimes omit details from prescriptions at hospital discharge which they think another HCP will 'work out for themselves', particularly when their workload is high [25] . However, lack of explicit communication about changes to medications during an inpatient hospital stay can potentially lead to continuation of inappropriate medications, inadvertent discontinuation of appropriate medications, treatment failure and early hospital readmission [21, 26, 27] .
The feasibility of an interdisciplinary team approach to discharge medication reconciliation has been clearly demonstrated in this study. The clinical pharmacist contributed to the identification of medication non-reconciliations, but prescription of medications is not within their scope of practice. The crucial role of the NCHD is evident since the NCHD remains the legal prescriber of medications at hospital discharge in Ireland [28] . Additionally, the pharmacist can contribute to the transfer of clear, precise and comprehensive information to the primary care HCP, to supplement the prescribing instructions of the doctor. The study demonstrates that through collaborative, interprofessional working relationships the NCHD and pharmacists can combine their knowledge and skills to produce a more complete and accurate discharge prescription than the input of the doctor alone, which is the current standard of care at NGH. This is one of the first published studies in the Irish setting to establish how the provision of an interdisciplinary approach to a discharge medication reconciliation service can contribute to medicines management. The methodological approach and findings are generalisable to medical and surgical patients in the acute hospital setting, and provide an evidence base for adherence to the principle that decision making must be governed by high quality evidence [1] . However, the findings are limited by the use of non-probability consecutive sampling. Medication non-reconciliations require input in a timely fashion to ensure continuity of patient care. Random sampling is the preferred method to ensure representative sample selection, but was not employed in this study since a full list of patients for discharge could only be obtained retrospectively. Consecutive sampling offered a pragmatic means to select patients, but limits the external validity of the findings. The study was powered at the outset to produce statistically significant findings. The reported statistical significance and the demonstrated clinical effects indicate the important, real effects of medication reconciliation at a clinical level. Furthermore, data was collected exclusively by the researcher, using specifically designed, validated and piloted data collection tools, thus ensuring a systematic and consistent approach and minimising observer bias.
The finding that omission of preadmission medications was the most common prescription non-reconciliation indicates the need for stringent medication management strategies at hospital admission as well as discharge. Almost half of these omissions related to 'when required' medications; often judged to be of lesser importance, particularly since the patient may not be actively using them at the time of admission or during their hospital stay. A potential barrier to the prescription of a complete and accurate medication list may be the high transcription burden associated with the hand-written prescription process, which NCHD often perceive as a labour intensive, manual, transcription task rather than complex prescribing [29] . At all points of transfer of care, the patient's medication list should reflect all of the medications the patient is using on an on-going basis. Further studies should investigate the potential benefit of a computerised application to facilitate electronic medication reconciliation and enhance prescription accuracy. Electronic systems are generally associated with more accurate information, fewer medication non-reconciliations, and facilitate easier retrieval of information [24, 30] . As well as reducing the transcription burden for doctors, an electronic system would facilitate reconciliation between the PAML and DML, and readily identify any changes to the patient's medications prior to discharge. The value of delivering such a service to patients in the Irish hospital setting should be investigated further.
Conclusion
Interdisciplinary collaboration, between the clinical pharmacist and NCHD, can improve the completeness and accuracy of discharge prescriptions through the provision of a pharmacist led discharge medication reconciliation service. This alliance should be optimised to deliver this service in Irish hospitals.
